means that there is insufficient sensory awareness in the skin to detect the insults which have the potentiaI to lead to significant tissue damage and subsequent u1ceration.
While a number of techniques have been used to assess sensibility to light touch stimuli in the skin, 7 -9 Semmes-Weinstein graded nylon monofilaments are known to be a sensitive, reproducible and practical method. 1 0 -1 2 These filaments have be used in apparently healthy skin adjacent to u1ceration to determine the sensibility in that skin. In criticizing this method, it could be argued that only testing at the u1cer site itself would give the true sensibility, but this is c1early not possible once the u1cer has developed, nor after healin g, when thickened scar tissue together with the potential for neurological improvement will complicate interpretation of results. The ideal approach, a large prospective study with frequent testing of locations across the sole to determine sensibility prior to the formation of any u1cers, has yet to be undertaken. However, it has been shown in a cross-sectional study testing adj acent to u1cers that skin which is able to detect the 5·07 filament (-10 g) is highly unlikely to develop plantar u1ceration while skin able to detect the 6· 10 filament (-75 g) is stilI at risk of u1ceration. 4 It is believed that the threshold of protective sensation for the plantar aspect of the foot must therefore lie somewhere between 10 g and 75 g, but no studies specificalIy testing skin adjacent to current u1cers have used a filament between these two to c1arify the leveI further. In many populations this is not actualIy necessary as the 5·07 filament is suitable for screening for sensory impairment, since it is usualIy detected by alI healthy individuaIs in communities where shoes are wom. 4 , 1 3 However, recent work in the rural community of SaIur in India has shown that a significant proportion of healthy individuaIs who go barefoot or wear sandals produce thickened callus on the sole of the foot so that certain parts of the sole are unable to detect the 5·07 filament. 14 Similar findings have been noted in Ethiopia, 1 5 so this is c1early not a local phenomenon. Furthermore, it is now known that sensibility thresholds in feet actualIy increase with age due to physiological deterioration in nerve function, so that many older individuaIs can no longer feel the 5·07 filament. 14 , 1 6 At Salur alI individuaIs were, however, able to detect the 5·46 filament (-30 g) at alI locations.
In light of these findings, it is necessary to determine if a filament can be identified that will differentiate those at risk of plantar u1ceration from those with a higher sensibility threshold merely due to thickened calIus or the normal ageing processo As the 5·46 filament lies between the previously used 5 ·07 and 6·10 filaments, it is interestin g to see if it would be a suitable tool. The ability to identify the population at risk would allow more effective targeting of resources, so that only those with sufficient neuropathy to be at risk of complications need receive the extra measures available to minimize the formation of u1cers. While it is appreciated that not alI developing regions can afford Semmes-Weinstein monofilaments at present, it is possible that the money saved by better targeting of existing resources may cover the cost of widespread use.
MateriaIs and methods
AlI adult maIe leprosy patients released from treatment between 1983 and 1988 in the town of Salur, Andhra Pradesh State, India were identified. Those from the town who experienced longstanding stable plantar sensory impairment at the time of this study were asked to take parto They were identified as having sensory impairment by present or past plantar u1ceration or failure in previous sensation testing using the balI-point pen technique. One hundred percent of these individuaIs complied, making a patient group of 54 individuaIs. In an area characterized by monsoon and dry seasons, it might be expected that plantar sensation would vary as the skin becomes softened in the wet months and slowly hardens afterwards. 1 7 In consequence, a study on the same individuaIs might yield differing results depending on the season. Again, high temperatures and humidity are thought to alter the properties of the Semmes-Weinstein nylon monofilaments so that they buckle more easily than in cooler, dryer climates, and exert less force. 1 8 For ease of comparison with other research, it should be noted that the work was undertaken during the months of November and December, at the end of the monsoon, with high humidity and temperatures typically between 20° and 30°C.
The Semmes-Weinstein monofilaments were tested on a Sartorius L2200P top-loading balance to confirm their accuracy. Each filament was tested five times by applying perpendicularly to the balance until bowing, using a technique described elsewhere, 11 , 1 8 and the mean force calculated. The diameters were also checked using a binocular light microscope linked by a video camera to an RGB software package and compared with past work. The filament index numbers (lOg l O x force required to bow the filament) were then confirmed by consulting past research. 11 , 1 8 The mean force exerted by the filament of index 4·56 was 3·1 g, by the 5·07 was 8·0 g, by the 5·46 was 29·5 g and by the 6-45 was 203 g. It is well known that monofilaments do not exert exactly the same force in practice as recorded by any of the manufacturers, as they are not made to exacting standards 1 9 to make them more affordable. Variation tends to become more obvious as the index numbers become larger, and so the filaments thicker. The values listed here are comparable with past studies of the forces exerted by these nylon monofilaments. II , 1 8 In consequence, here we refer to the monofilament by its index number rather than by an estimation of the force it exerts.
All the patients were examined by the same clinician to avoid inter-observer variation. Sensory function was assessed on the apparently healthy skin immediately surrounding each ulcero Skin with scarr ing, excess callus, granulation tissue or necrosis was avoided. The tests, outlined in detail elsewhere, 11 , 1 8 took place in quiet surroundings and were explained to each participant who then looked away from his feet. Each of the Semmes-Weinstein monofilaments with index 4·56, 5,07, 5,46 and 6·45 was applied in a concealed and random manner.
Results
Of the 54 individuaIs in this patient group, 18 (33%) had current plantar ulceration, 26 (48%) had no current ulcers but had done in the past and the remaining 10 (19%) had never had ulcers. Those with current ulceration were entered into the study. Details of their footwear use, class of occupation and age are shown in Table 1 . Twenty-six ulcers were noted on the 18 individuaIs, each with both feet remaining (Figure 1 ). Sensation in apparently normal skin immediately adjacent to these ulcers was tested with the range of monofilaments. No individual was able to feeI either the filaments with index of 4·56 or 5·07 in the surrounding skin. However, the 5·46 was felt around seven ulcers (27%) and in those unable to feel this, the 6·45 was noted around four ulcers (15%). The skin surrounding the remaining 15 ulcers was unable to detect any of the filaments ( Table 2) .
Discussion
In this community protective sensation was shown to be present where skin could detect a 5·07 monofilament in 100% of cases. Past research that tested skin adjacent to current ulcers has also found skin able to detect the 5·07 filament to be free from u1ceration. 4 This agreement between research in the developed and developing world suggests that it may be related to the anatomy and neurophysiology of the skin over the human foot and be independent of environmental factors. In some past studies of protective sensation, the site of sensory testing remained identical regardless of the location of u1ceration 5 and an individual with an u1cer at one site may have had normal sensation at the location where sensation was actuaUy tested. The design of the study presented here has ensured that it is the apparently healthy skin immediately adjacent to the ulcer which is tested, allowing a more representative assessment of sensibility of the skin in the area of the ulcero Other research has tested sensation at the site of ulcers but also amalgamated data from tests at the site of u1cer scars, where previous u1cers have healed . 6 This means that the data have to viewed with caution, as there is no way of knowing if sensibility at the time of testing is the same as when the u1cer originally formed. It is quite possible that the nerve damage may have either progressed or healed with treatment since the u1cer was present, so that it is impossible to determine from this data the degree of sensation loss required before an u1cer can develop.
In this study, u1cers were noted in areas of callus skin able to sense the 5·46 filament (-30 g). Previous work has determined that skin able to detect the 6· 10 filament (-75 g) but not the 5·07 (-10 g) is at risk of developing u1ceration but no work just testing adjacent to current u1cers has been performed to determine more exactly where the leveI of protective sensation actually lies. For this population, we have found that the threshold of protective sensation lies between the force applied by the 5·07 and 5·46 filaments. In populations where everyone can feel the 5·07 filament, especially where wearing shoes in common, then it seems reasonable to continue to use this filament as a tool to identify those at risk of developing plantar u1cers.
However, study of light touch sensibility thresholds in healthy individuaIs from some rural areas of India has shown that many of those who go barefoot or wear sandals for only part of the day are unable to detect the 5·07 filament, especially in older age groups. 14 They are, nevertheless, all able to detect the stiffer 5·46 filament. Similar research in Ethiopia has also demonstrated that the feet of many individuaIs are unable to detect the 5·07 filament, 1 5 so it is c1early not a localized phenomenon. This leaves the c1inician managing the care of leprosy patients in some rural areas with a difficult dilemma. If all those who fail to detect the 5·07 filament are regarded as at risk of developing plantar u1cers, then it is likely that alI those genuinely at risk of deve10ping u1cers will have been identified, and can be managed appropriately. However, together with those genuinely at risk, a significant proportion of patients without nerve damage from leprosy may also be inc1uded if they are unable to detect the filament on account of thickened callous skin or normal age-dependent deterioration in sensibility threshold. It seems that testing using the 5·07 filament in this community would have very high sensitivity but only low specificity. While this might be the safest approach, it would flood c1inicians with extra patients to assess, when so many c1inics and hospitaIs are already overstretched. An altemative would be to use the 5·46 filament. This is felt by all individuaIs of all ages in all areas of the foot, so that it would ensure that no normal feet were inc1uded in the at risk group. Unfortunately, using this filament would mean that a proportion of patients who are at genuine risk of developing plantar u1ceration would not be identified, 27% in this study. In consequence, the 5-46 filament would have very high specificity but only moderate sensitivity.
A further interesting finding was that leprosy patients may develop plantar u1ceration in skin only able to detect the 5·46 filament while healthy controls never do, even in areas of the foot with apparently the same sensibility threshold. One possible explanation is that the thickened, keratinized sole of a hard working, healthy foot impairs the ability of sensory receptors to detect fine touch stimuli such as the lighter monofilaments. However, deeper in the sole there remains the normal number of functioning sensory receptors. It is known that shearing stresses responsible for much u1ceration act not just on the skin surface, where monofilaments are applied, but also deeper in the dermis and between tissue planes. 2o It is reasonable to presume that these deeper receptors in healthy individuaIs would detect early ti ssue damage quickly and lead to appropriate action to reduce this insult to the foot, perhaps by resting or modifying walking style. Patients with neuropathy, however, may have impaired function in both the most superficial and also deeper receptors. In consequence they will not detect friction stresses in deeper tissues and trauma may result, often developing into an u1cer if appropriate measures are not taken. It seems that while Sernrnes-Weinstein monofilaments are a good test for light touch sensation, they do have lirnitations in their ability to assess protective sensation in the foot. The monofilaments are not designed to assess sensibility to shear stress in the foot and it is this insult which is believed to be responsible for the maj ority of plantar u1cers. In consequence, a patient who fails to detect the 5·07 filament may not actually be at risk of developing u1cers if they can still detect shear stress adequately.
In the absence of a cheap and easy to use method of testing sensibility to shear stress in the foot, an altemative method of differentiating between these two groups must be found. One approach to this is to use cornrnon sense in conjunction with clinicaI assessment and these suggested guidelines rnight be found useful.
1. All those patients who can detect the 5·07 filament appear to be safe from developing plantar u1cers.
2.
AlI those patients who fail to detect the 5-46 filament should definitely be regarded as at risk of u1ceration.
3.
Those who cannot detect the 5·07 filament but can detect the 5·46 filament should be suspected of being at risk of plantar u1cers if: a) they regularly wear shoes; b) or they have impaired sensation compared with the same area on the other foot; c) or have deteriorating sensation even if still able to detect the 5·46 filamento 4. If the sensation threshold for callous skin remains stable, comparable with the same location on the other foot and =55.46 filament, this may well be normal for them if they do not wear shoes or are of advancing age. This does not necessarily imply that they are at risk of u1ceration.
Using this guide may help workers in rural developing world cornrnunities to differentiate those patients genuinely at risk from plantar u1ceration from those who fail the 5·07 filament test due to thickened callus or advancing age. This study has not been designed to identify which sites on the foot to test, but rather which filament to use in testing and how to interpret the results. There is great variability in the locations tested on the sole of the foot, from a thorough 11 or 12 site approach. 14 , 2 1 , 22 to a less time consurning technique of as few as perhaps three to five sites. 5 , 2 3 , 24 However, it has yet to be determined in a prospective trial just which locations need to be tested in order to safely identify early sensory impairment. While one is awaited it rnight be prudent to test all those sites known to develop u1cers and to do this does require an 11 or 12 location technique.
An impartial prospective study of sufficient size in a comparable rural area would be useful firstly to confirm if these findings are a local phenomenon or representative of the wider population, secondly to assess the effectiveness of these suggested guidelines and thirdly to identify which locations on the foot to test. If that study were to validate the findings presented here, then companies manufacturing the Semmes-Weinstein monofilaments might choose to inc1ude the 5·46 filament in one of their standard sets and so allow its application in those communities in which shoes are rarely wom.
